23 Eukaryotic DNA replication is preceded by the assembly of pre-replication complexes (pre-RCs) 24 at or very near origins in G1 phase, which licenses origin firing in S phase. The archaeal DNA 25 replication machinery broadly resembles the eukaryal apparatus, though simpler in form. The PtOrc1/Cdc6 interacts directly with PCNA through a PIP box near its C-terminus. Furthermore,
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MATERIALS AND METHODS
90
Picrophilus torridus cultures
91
Picrophilus torridus DSM 9790 (NBRC, Japan) was cultivated aerobically in liquid 92 medium (0.2% yeast extract, 0.3% potassium dihydrogen phosphate, 0.05% magnesium sulphate, 93 0.025% calcium chloride, 0.02% ammonium sulphate, 1% glucose, 94 pH 1.0) at 55ºC, 100 rpm.
95
Cloning of Picrophilus torridus Orc1/Cdc6
96
The Orc1/Cdc6 gene was amplified from P. torridus genomic DNA (isolated as 97 described in (16); Supplemental Material), using Phusion DNA polymerase (Thermo Scientific,
98
USA) and primers PtOrc1-F and PtOrc1-R (5'-GGATCCATGGACAATCCCTTTATT-3' and 99 5'-GTCGACTCCTATATCATCATAATTTGT-3' respectively) that were designed based on the 100 sequence of the putative Orc1/Cdc6 annotated in the genome (15). The amplicon was cloned into 101 pUC19 (NEB Inc., USA), and sequencing confirmed the authenticity of the clone.
102
To express the Orc1/Cdc6 protein in E. coli, the Orc1/Cdc6 gene was subcloned into the
103
BamHI-SalI sites of pASK-IBA43plus (IBA BioTAGnology, Germany), creating plasmid pASK-
104
Orc1/Cdc6. pASK-Orc1/Cdc6∆N-term was created by digesting pASK-Orc1/Cdc6 with SacI and 105 ligating together the ends so generated, while pASK-Orc1/Cdc6∆C-term was created by digesting 106 pASK-Orc1/Cdc6 with HindIII and ligating together the ends so generated. Orc1/Cdc6 was 107 subcloned into the BamHI-SalI sites of pMAL-c2x (NEB Inc., USA) using primers PtOrc1-F and reactions were resolved by thin layer chromatography using PEI-cellulose sheets (Merck, USA).
136
The chromatogram was developed in 0.6 M Na 2 HPO 4 /NaH 2 PO 4 (pH 3.5), air-dried, and 137 subjected to phosphorimaging (FLA-5000; Fuji Phosphorimaging System). and the bound fraction eluted with 100 mM Tris-Cl (pH 8.0), 300 mM NaCl, 250 mM imidazole.
198
The eluate fractions were resolved on SDS-PAGE and analyzed by Coomassie staining.
199
Gel filtration analysis
200
Gel filtration analysis was carried out on a Superdex 200 10/300 GL analytical column
201
(GE Healthcare Life Sciences) using the AKTA FPLC system (GE Healthcare Life Sciences).
Proteins were resolved chromatographically in 50 mM potassium phosphate (pH 7.4), 150 mM 
234
The Orc1/Cdc6 protein is expressed in Picrophilus torridus 235 To examine Orc1/Cdc6 expression in P. torridus, we adopted the route of raising 236 antibodies against the purified recombinant protein, to be used to analyze P. torridus extracts.
237
Accordingly, the Orc1/Cdc6 gene was subcloned into pASK-IBA43plus. However, the
238
Orc1/Cdc6 protein expressed from this clone in E.coli was insoluble at both, 37 C and 16 C. used to probe whole cell extracts of P. torridus the expected protein of size ~45 kDa was the 250 major band detected (Fig. 1C ). It is difficult to predict if the protein is modified post-
251
translationally as no anomaly in electrophoretic mobility is apparent. chromatography was further subjected to gel filtration chromatography to remove any possible 302 contaminant ATPases (as described in Methods; Figure S2B , Supplemental Material). The
252
DNA binding properties of Orc1/Cdc6
303
ATPase activity of 10-1400 nM MBP-Orc1/Cdc6 protein was assessed, and about 400 pmoles of 304 the input 1000 pmoles ATP were hydrolyzed by 1000 nM protein (Fig. 3A) , in contrast to MBP 305 alone which displayed background levels of activity (data not shown). Thus, MBP-Orc1/Cdc6 306 displays moderate ATPase activity.
307
We found P. torridus Orc1/Cdc6-mediated ATP hydrolysis to be DNA-independent (Fig.   308   3A) . However, the addition of double-stranded DNA oligonucleotide harbouring ORB sequence 309 had an inhibitory effect on ATP hydrolysis. This was seen over a range of ATP concentrations
310
(10-400 µM; Fig. 3B ). There was no effect upon the addition of dsDNA oligonucleotide of 311 arbitrary sequence (data not shown). ATP hydrolysis in AAA+ family members is mediated by 312 the Walker domains (Walker A and Walker B). We created a mutation in the Walker A domain 313 of Orc1/Cdc6 (Fig. 1A, Fig. S1 ), and purified the MBP-tagged Orc1/Cdc6-K67A protein to 314 >95% homogeneity (Fig. S2C , Supplemental Material). Its ability to hydrolyze ATP was 15 compared with that of wild type MBP-Orc1/Cdc6 (Fig. 3C) PCNA would be interacting with PtOrc1/Cdc6 at a given time.
336
Orc1/Cdc6 interacts with PCNA directly 16 We addressed the issue of whether this interaction was direct or being mediated by one or 338 more bridging proteins, by performing direct pull down experiments between the two purified 339 recombinant proteins. MBP, MBP-Orc1/Cdc6, and PCNA were purified (Fig. 4B lanes 1-3; 340 described in Supplemental Material), and PCNA was then incubated with either MBP or MBP-
341
Orc1/Cdc6 in 1X PBS; this was followed by immobilization of the PCNA on Cobalt affinity were performed to check if the mutated proteins had undergone any gross structural alterations,
363
and it was found that they were similar to the wild type protein (Supplemental Material; Fig.   364 S3C).
365
The mutated MBP-Orc1/Cdc6 proteins were incubated with PCNA to determine if they 366 were able to associate with it. Using the same pull down procedure described above we found PCNA interactions in pull down experiments and it was found that all three residues were 377 essential for Orc1/Cdc6 to bind to PCNA (Fig. 5C ). Taken together, the experimental results in interacting partners were also detected, including Orc1/Cdc6, MCM1 and MCM2. However, as 503 these were identified as proteins that co-purify with PCNA from whole cell lysates, the study did 504 not establish a direct interaction with PCNA. We found Orc1/Cdc6 to exist in complex with
505
PCNA in Picrophilus torridus extracts (Fig. 4A) , and furthermore, we determined that
506
Orc1/Cdc6 and PCNA interact directly (Fig. 4B) . The site of this interaction in Orc1/Cdc6 was 507 identified to be a PIP box near the C-terminus of the protein, and specific residues essential for 508 the interaction were identified (Fig. 5) . The interaction of Orc1/Cdc6 with PCNA was also 509 evident in gel filtration studies, the results of which reaffirmed our finding that the interaction by ATP hydrolysis which converts the active DnaA-ATP complex into inactive DnaA-ADP.
527
While the ADP-bound form can interact with origin DNA, it is unable to bring about the melting 
